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patient has been diagnosed with CD, the Crohn's
Disease Activity Index (CDAI) is calculated to quan-
Crohn's disease (CD) has been a major form of tify the symptoms of the patients with CD and
chronic inflammatory bowel disease that may af- based on the CDAI value medications are altered
fect the gastrointestinal tract most commonly the and the state of the progress of the disease is noted.
ileum, colon and perineum. The major factor asso-
ciated with the disease is segmental and transmu-
ral inflammation of the intestinal wall associated
with tissue damage and inflammatory lesions (Bar-
bara et al,, 2012). There are five types of CD based
on the part of the GI tract that is affected, namely,
lleocolitis (affects ileum & colon), lleitis (affects
only ileum), Gastroduodenal Crohn's disease (af-
fects stomach & duodenum), Jejunoileitis (patchy
areas of inflammation in jejunum), Granulomatous
colitis (affects colon only) (Barbara et al, 2002).

INTRODUCTION

It was observed that industrial countries have a
higher prevalence of Crohn's Disease than in devel-
oping countries. However, the prevalence rate of
the disease in countries like China and India are
rapidly increasing suggesting lifestyle as one of the
main factors contributing to the onset of the dis-
ease.CD is caused by a combination of factors such
as genetics, the immune system, smoking, previous
infection and various types of environmental
stresses. The condition is unpredictable with ma-

886 © International Journal of Research in Pharmaceutical Sciences


mailto:jssohal@jpr.amity.edu
https://ijrps.com/
https://ijrps.com/

Jagdip Singh Sohal et al, Int. ]. Res. Pharm. Sci., 9(3), 886-899

jor variations among patients and its higher preva-
lence being reported in recent years. The disease is
highly regarded as an emerging global problem.

Treatment continues to remain a challenge in the
CD. Most of the treatment options aim to reduce in-
flammation, eliminate nutritional deficiencies and
relieve the symptoms of pain, diarrhoea & bleeding
which accompany the disease. No single treatment
available can be considered universal and cur-
rently large number of clinical trials are being car-
ried out worldwide. Many time's patients do not
respond to standard treatments and hence new al-
ternatives need to be sought after to relieve the
symptoms. From an autoimmune disorder to bac-
terial infection, the CD is classified under various
categories due to its uncertain aetiology. The re-
view focus of the various available treatments for
CD as well as possible treatments that could be a
solution to this rather complex disease.

Therapies for CD

The use of medications, change in diet and nutri-
tion and surgery in extreme cases are some of the
methods by which CD is currently being treated.
Medical treatments for CD have two main goals, (i)
attaining remission and (ii) maintaining remission.
Several classes of drugs have been approved over
the years to attain these goals in CD treatment.
Brief descriptions of these drugs are mentioned
below.

Aminosalicylates

Aminosalicylates are anti-inflammatory drugs that
are often used as the first line of treatment for in-
flammatory bowel diseases like CD and ulcerative
colitis. Being used for over 70 years, aminosalicy-
lates contain 5-aminosalicylic acid (5-ASA) that re-
duces inflammation in the lining of the intestine.
Some forms may also reduce joint inflammation. 5-
ASA primarily exhibits a topical effect on the co-
lonic epithelium, often very well tolerated in pa-
tients and have not been associated with an in-
creased risk of infection or cancer. The first 5-ASA
commonly used in IBD was sulfasalazine (Az-
ulfidine®) but is known to have a high level of in-
tolerance due to the presence of sulfa component.
However, sulfasalazine is the standard recom-
mended treatment for colonic CD as per clinical
practice guidelines in countries such as Germany
(Klang et al, 2015). Mesalamine, a sulfa-free deriv-
ative of sulfasalazine was developed and is consid-
ered to exercise its effect through inhibition of cy-
clooxygenase and lipoxygenase (Hahn et al, 2015).

In 2015, data collected from the Swiss Inflamma-
tory Bowel Disease Cohort analysed the role of 5-
ASA in the treatment of CD from 2006 and revealed
that 46% (378/825) of treatment episodes were
reported as successful. However, 12% (98/825) of
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the treatment had been stopped due to the side-ef-
fects (Schoepfer et al, 2015). Yang and co-workers
performed a meta-analysis on the efficacy of 5-ASA
for the prevention of post-operative repetition in
Crohn's disease. The findings revealed that 5-ASA
was superior in comparison to placebo for preven-
tion of clinical recurrence, without increasing the
rate of side effect.5-ASA Good tolerance rate
among patients and low frequency of side effects,
make it the most favoured method of treatment
commonly used in the mild and colonic CD. How-
ever, the major drawback is its lack of effect in
small bowel and upper GI regions, severe and fis-
tulising CD and its inability to cause remission
Though the level of intolerance in patients is low,
recent reported side effects like hepatotoxicity, ex-
acerbation of colitis symptoms and myocarditis
followed by the immediate improvement on dis-
continuation of mesalamine highlights the need of
constant monitoring of patients undergoing the
treatment drug (Nair et al, 2015; Hahn et al,
2015;Tuna et al, 2015). Recent researches have
highlighted the need to be used in conjunction with
other therapies to control inflammation and pre-
vent complications in CD adequately.

Corticosteroids

Along with aminosalicylates, the first line of de-
fence when a patient is diagnosed with CD is the
administration of steroids to reduce inflammation.
Corticosteroids, introduced as a therapy in the
1950's have been used for decades as anti-inflam-
matory drugs and continuously used to prevent a
flare-up of the disease. These drugs also reduce the
activity of the immune system, which is believed to
be heightened during the manifestation of the dis-
ease. The heightened immune response causes the
infiltration and activation of several inflammatory
and immune cells, which release many inflamma-
tory mediators that interact and activate structural
cells at the site of inflammation. Corticosteroids in-
hibit the synthesis of these proteins through sup-
pression of the genes that encode them (Barnes et
al, 2014). Though corticosteroids are effective for
induction of remission of CD, patients are known to
relapse when steroids are withdrawn or become
steroid dependent with significant side effects like
kidney disorders, nausea, vomiting and skin rashes
etc. (Alfadhli et al, 2005).

Methotrexate is a cytotoxic anti-inflammatory
drug that exerts its benefits through the inhibition
of dihydrofolate reductase. It is used to treat cer-
tain cancer type's severe psoriasis and rheumatoid
arthritis. Over the years, many controlled trials
were carried out to evaluate the efficacy of the
drug. Earlier works involve the study by Kozarek
and co-workers where the anti-inflammatory ef-
fect of the drug was evaluated (Kozarekat al.,
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1989). 11 of 14 patients with CD showed a good re-
sponse towards the drug. A study in 2000 was con-
ducted to evaluate the long-term efficacy of the
drug and it was revealed that 41 of the 49 patient
had attained complete clinical remission with long-
term benefits of maintenance treatment in patients
with chronically active Crohn's Disease with mini-
mal side-effects (Lémann et al, 2000). Scherken-
bach and Stumpf in 2015 evaluated the ability of
methotrexate to treat children with CD based on
the literature available and concluded that metho-
trexate is useful in the treatment of paediatric CD
but must be administered only when other thera-
pies fail and that the remission rate of CD is com-
parable to that of thiopurine therapy (Scherken-
bach and Stumpf, 2015). Methotrexate was also
found to be an efficient alternative in patients
where azathioprine treatments have failed (thio-
purine resistant patients) (Hojsak et al, 2015). In
the study, of the 32 patients, 22 remained in the
stable clinical remission after 12 months while 14
did not relapse in 5 years. Recently, an experiment
from randomised trial reveals that administration
of intramuscular methotrexate (25mg/week) pro-
vides a benefit for induction of remission and com-
plete withdrawal from steroids in patients with re-
fractory CD. This data supports the consensus of
the positive benefits of methotrexate. The most re-
cent data suggests that methotrexate is effective
based on of initial response in CD cases which have
failed, or intolerant to thiopurines.

Nonetheless, the study noted that in the long run
the efficacy was not sustained (Suares et al, 2012).
Multicenter studies have reported that subcutane-
ous administration of methotrexate was superior
to oral administration especially in the case of the
paediatric CD (Turner et al, 2015). The drug has
found favour in many studies as an alternative to
standard therapy. A study in 2015 also found
methotrexate to be an effective therapeutic alter-
native in the thiopurine-resistant patients ulti-
mately leading to complete mucosal healing.

Though the results are promising, the major draw-
back of the drugs is the side effects it poses on the
patients. Methotrexate is not recommended during
pregnancy as the drug can cross the placenta and
posses a serious risk to the fetus. It has been la-
belled as category X by the FDA due to its tetrago-
nal nature (Curry and Moss., 2015). Patients who
receive the drugs are instructed to delay concep-
tion as many deformities like large fontanels, cra-
niosynostosis, abnormal head shape, hyper-
telorism, and skeletal deformities have been re-
ported. Methotrexate is mostly recommended as
an alternative to standard drugs owing to the side
effects. The immunosuppressive, anti-inflamma-
tory drug inhibits the actions of folic acid and has

888

been used for the treatment of several autoim-
mune disorders like rheumatoid arthritis and lu-
pus as well as for the treatment of cancer.

Anti-TNF therapy

Monocytes, macrophages and T cells mainly pro-
duce human TNF-a protein involved in immune
regulation. TNF-« is released due to various stimuli
like endotoxin, superantigens, osmotic stress, radi-
ation etc. TNF-«a is recognized for its involvement
in recruiting circulating inflammatory cells to local
tissue sites of inflammation, for the induction of
oedema and its crucial role in granuloma for-
mation. The inflammatory reaction in Crohn’s dis-
ease is presumably initiated and propagated by lo-
cal release of cytokines. During exacerbation of in-
flammatory bowel disease production of interleu-
kins and TNFcx is increased.

Derkx and co-workers performed the first report
of TNF treatment for CD in 1993 (Derkx et al,
1993). In this study, the case of a girl with CD who
was unresponsive to medical treatment was re-
ported wherein due to the persistence of severe ill-
ness. She was administered with anti-TNFa (chi-
meric monoclonal, cA2). The treatment showed
marked improvement immediately after the first
dose of anti-TNF, with the improvement of clinical
symptoms and complete colonoscopic remission
attained for 3 months after which the patient re-
lapsed. Since then anti TNF drugs like Ada-
limumab, Infliximab have been developed and are
getting much attention. Adalimumab and inflixi-
mab are both monoclonal antibodies that have a
high affinity for TNFa. They have been recom-
mended by the UK's National Institute for Health
and Care Excellence as treatment options for se-
vere active Crohn's disease that has not responded
to conventional treatment (including immunosup-
pressive and corticosteroid treatments). Though
convincing they carry the risk of opportunistic in-
fection as highlighted in recent research that
showed that anti-TNF therapy doubles the risk of
opportunistic infections in inflammatory bowel
disease patients (Ford et al, 2013).

Infliximab (Brand Name: Remicade)

It is a chimeric anti-TNF monoclonal antibody with
anti-inflammatory properties. Over the years, var-
ious controlled trials have demonstrated a high
level of efficacy of infliximab in both active and fis-
tulating CD. Studies have also revealed that for CD
patients not responding to conventional treat-
ments long-term treatment with infliximab show
high efficacy and tolerability in managing symp-
toms (Rutgeerts et al,, 1999). The drug has under-
gone numerous clinical trials for the past 20 years.
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Currently, the drug is used for the treatment of re-
fractory luminal CD, steroid-dependent CD, and re-
fractory fistulizing CD.

The limiting factor of infliximab is that some pa-
tients do not respond to infliximab while others
lose their response over time. This was thought to
be due to the drugs tend to induce the development
of anti-infliximab (anti-IFX) monoclonal antibod-
ies (mAbs). These antibodies were thought to act
against the drug and reduce the chances of patients
attaining clinical remission by decreasing the drug
survival and as a result requiring a higher drug
dose. In a study in 2005, at the John Hopkins Ar-
thritis Centre, the effect of infliximab on CD pa-
tients was evaluated and concluded that patients
who develop anti-infliximab antibodies are at
higher risk for showing a lower duration of re-
sponse to treatment with infliximab. A similar
study by Steenholdt and co-workers evaluated 106
patients over a 10-year course who were treated
with infliximab. They observed that patients with
high infliximab trough levels and low anti-IFX anti-
bodies were able to maintain a good response to
the infliximab maintenance treatment. However,
patients with low infliximab trough levels and high
anti-IFX antibodies lost their response to inflixi-
mab treatment (Steenholdt et al, 2011). Similar
multiple studies have linked the loss of response to
infliximab to the rise in anti-IFX antibodies (Baert
et al, 2003; Farrell et al, 2003; Ternant et al, 2008;
Candon et al, 2006). In 2014, Levesque performed
a study to determine the link between serum inflix-
imab concentration and efficacy of the drug in CD
patients by setting a cut off value of trough inflixi-
mab concentration. The study confirmed the rela-
tionship between the two and observed that inflix-
imab trough concentrations below 3 pg/mL have a
greater chance of developing symptoms for CD
(Levesque et al, 2014). However, in a systematic
review by Cassinotti noted that though infliximab
trough concentration could be used in determining
the immunogenetics of the drug, the data available
among different research groups have enormous
variations in the methods of determining the anti-
body levels that it no conclusion can be made about
the effects of anti-IFX antibodies on the efficacy of
infliximab (Cassinotti et al.,, 2009).

Adalimumab

By early 2000, it came to be known that full human
monoclonal antibodies are less immunogenic than
chimeric monoclonal antibodies. This bought the
attention to alternatives to infliximab (chimeric
monoclonal antibodies) as CD patients have been
reported to become less responsive to the drug
over the course of treatment. Adalimumab is a full
human immunoglobulin G1 (IgG1) monoclonal an-
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tibody that targets membrane and soluble TNF ex-
plicitly and binds with high specificity but not to
lymphotoxin. Adalimumab has been shown to be
effective for disease such as rheumatoid arthritis,
psoriasis, and ankylosing spondylitis among oth-
ers. Adalimumab (HUMIRA®, Abbott Laboratories,
and Abbott Park, Illinois, USA) has shown to be
beneficial to patients who lose the response to in-
fliximab. In a randomized 4 week clinical trial in
2006 (CLASSIC ), the efficacy of adalimumab was
evaluated for the CD patients. The results revealed
that the drugs were well tolerated and the patients
were able to attain higher remission in comparison
to placebo. In the following year, the CLASSIC II
trial evaluated the long-term efficacy and safety of
adalimumab maintenance therapy in CD cases. The
study reported that 93% of the patients attained
remission for up to 56 weeks. Following the initial
studies, numerous clinical trials have shown the
successful attainment of remission in CD patients.

Like Infliximab, studies have shown that Ada-
limumab can induce and maintain mucosal healing
in CD patients as well. This was highlighted by Rut-
geerts and co-workers in a clinical trial which ob-
served mucosal ulceration through ileocolonos-
copy during treatment by adalimumab for 52
weeks and compared it placebo-treated patients,
whom all went through a 4-week induction ther-
apy with adalimumab. Initially all patients re-
ceived induction therapy with adalimumab at
week 52, 0 and 24% healing was observed for pla-
cebo and adalimumab administered patients high-
lighting that patients who continue to receive ada-
limumab after induction therapy with adalimumab
have a higher chance of attaining remission than
those who do not continue the drug administration
(Rutgeerts et al, 2012). A 2007 study by Sand-
borne highlighted the lack of antibody production
against adalimumab in all 159 CD patients, a factor
greatly considered as the reason for the loss of re-
sponse against drugs like infliximab (Sandborne et
al, 2014; William et al.,, 2007).

Being an anti-TNF drug, the side effects observed
are those that due to the lowering of the immune
system and becoming more prone to other infec-
tions. Few cases of drug-induced psoriasis and la-
tent tuberculosis have also been reported. The
most known side effects are injection site reactions
a headache and nausea (Cassinotti et al, 2008).
The drug is well tolerated among patients while
the safety and tolerability of adamulimab are simi-
lar to infliximab. The main advantage of ada-
limumab has the subcutaneous mode of drug deliv-
ery. This non-invasive method is easy to use and
can be done by the patient itself.
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Natalizumab

Natalizumab is a humanized monoclonal antibody,
that is directed against the a4 subunit of integrin
heterodimers and functions by inhibiting the bind-
ing of both a4b7 integrins, located primarily in the
vasculature of the gut, and a4b1 integrins, located
primarily in the vasculature of the brain. The drug
was used for the treatment of multiple sclerosis
and Crohn’s disease. A double-blind, placebo-con-
trolled trial where 248 patients with moderate-to-
severe Crohn's disease were treated with natali-
zumab was carried out in 2003 by Ghosh and co-
workers (Ghosh et al,, 2003). The results revealed
that though statistical significance could not be at-
tained between the placebo and test groups, at
week 4 and 8 at of the trial the rate of remission
was comparatively higher than the placebo groups.
Though the results were promising, in a controlled
trial in 2005 that evaluated the use of natalizumab
as induction and maintenance therapy in patients
with active CD, one patient died from progressive
multifocal leukoencephalopathy (PML), associated
with a human polyomavirus (JC virus) (Sandborn
et al, 2005). The death of the patient leads to Gert
Van Assche and co-workers to analyze the frozen
serum samples and the results showed that JC vi-
rus DNA was present in the patients serum three
months after natalizumab was administered and
two months before the appearance of symptomatic
PML (Gert Van Assche et al, 2005). The report also
noted staining of the brain lesion for polyomavirus
and suggested the possibility that the anti-os-in-
tegrin therapy could result in JC virus-induced
PML. The drug was pulled from the market and re-
introduced in 2008 after no further cases of PML
were observed in all the clinical trials. The single
patient who dies of PML was later understood to be
have been under immunosuppressive drugs at that
time and hence through the drug is approved, strict
laws about the usage of nazaminab are in place and
the drug can be used only if the patients are non-
responsive to available treatments. Sakuraba in
2013, assessed the efficacy of natalizumab for the
management of CD outside the settings of a clinical
trial in a tertiary hospital in the USA (Sakuraba et
al, 2013) of the 49 patients receiving,the drug no
case of PML was reported however, 5 patients ex-
perienced server-side effects. The drug was con-
cluded to be a safe alternative to a patient who
does not respond to TNF treatment. Similar results
were observed by Pascal and co-workers, where
the drug was concluded to be safe and with high ef-
ficacy and clinical improvement for more than one-
third of more than a year in one-third of CD cases
who did not respond to conventional therapy (Juil-
lerat et al, 2013).

Certolizumab pegol

890

Approved by The FDA in 2008 Certolizumab pegol
(CDP870, tradenameCimzia) is a therapeutic mon-
oclonal antibody to tumour necrosis factor al-
pha(TNF-a), for the treatment of Crohn's disease.
Various clinical trials have demonstrated its posi-
tive effect on the treatment of CD. 3 phase III (PRE-
CiSE I PRECISE II PRECISE III) multicentre, pla-
cebo-controlled, double-blind, randomised trials
have been conducted and demonstrated that Cer-
tolizumab pegol is sufficient for induction and
maintenance of clinical response in patients with
moderate to severely active CD (Sandborn et al,
2014).In order to evaluate the efficacy and safety
of Certolizumab pegol outside the clinical setting,
Moon and co-workers evaluated patients who re-
ceived CZP between 2008 and 2013 through retro-
spective medical record-based review of steroid-
free complete response (SCR), loss of response and
safety (Moon et al,, 2015). Certolizumab pegol was
found to be both effective and well tolerated for the
treatment of Crohn's disease. Miguel and co-work-
ers evaluated the effect of smoking during the
treatment of Certolizumab pegol for CD and con-
firmed that smoking had a negative impact on pa-
tients with CD (Miguel et al, 2015).

A meta-analysis in 2013 compared the effective-
ness and safety of, adalimumab and certolizumab
with either a placebo or each of them in the treat-
ment of CD than and concluded that all the drugs
were effective as both induction and maintenance
therapy in moderate to severe Crohn’s disease in
adults, with an acceptable safety profile (Kawale-
cetal, 2013).

Ustekinumab, another monoclonal antibody works
against the p40 subunit of interleukin-12 and in-
terleukin-23 that targets both the T-helper 1 and
T-helper 17 pathways involved in the pathogenesis
of CD, has also been explored. Ustekinumab has al-
ready been approved for the treatment of plaque
psoriasis and psoriatic arthritis but not for a CD. A
retrospective observational study in 2016 con-
cluded that almost two-thirds of patients with CD
refractory to at least 1 anti-TNF agent received
clinical benefit from ustekinumab therapy (Wils et
al. 2016). The patients did not require steroids for
up to 12 months afterwards. The study recom-
mended the use of ustekinumab in these refractory
CD patients. In regards to anti-TNF resistant CD, a
Mexican study in 2016 concluded that patients
with moderate to severe anti-TNF resistant CD, the
initial response to ustekinumab as observed in
71.4% of patients and maintained up to 6 months
(Delgadillo et al., 2016).

Combination therapy

In constant need for improvement and better effi-
cacy of drugs, the performance of drugs to work
better in combination was evaluated. Feagan and
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co-workers studied the effect of Infliximab and
Methotrexate in combination in CD patients who
had undergone corticosteroids such as prednisone
(Feagan et al, 2014). The findings revealed that the
combination therapy was no more effective that In-
fliximab alone in patients who were undergoing
treatment with corticosteroids. Methotrexate was
expected to aid the action of Infliximab by inhibit-
ing the formation of antibodies. However, it was as-
sumed that prednisone negated any effect that
could have arisen from the usage of Methotrexate
and hence the combination was not recommended
for patients that require corticosteroids induction.
Similar research was carried out by Lémann and
co-workers that evaluated the effect of Infliximab
in combination with azathioprine (Lémann et al,
2006). In 2013, adalimumab and ciprofloxacin
were found to be more effective than adalimumab
monotherapy to achieve fistula closure in CD
(Dewint et al, 2013). A randomised, double-blind,
placebo-controlled trial (ADAFI). However, Oster-
man and co-workers found an increased risk of
non-melanoma skin cancer when adalimumab is
co-administered with immunomodulator therapy
(Osterman et al, 2014).

Combination therapy with infliximab and azathio-
prine is significantly more effective for treatment
of active Crohn's disease (CD) than infliximab mon-
otherapy. The positive effect of combination ther-
apy was further demonstrated in another random-
ised clinical study. A SONIC post hoc analysis in
2016 concluded that infliximab and azathioprine
given in combination were more effective than
drugs given as monotherapy (Colombel et al,
2016). The data further demonstrated that ‘deep
remission’ could be attained with combination
therapy in a high percentage of patients with early
CD.

Hormone treatments

The anti-inflammatory effects of testosterone have
been demonstrated repeatedly in various studies
and this effect could account for the patient's im-
provement by reducing chronic inflammation of
the intestinal wall in the CD. A study by Faad et al.
(2015) revealed that normalisation of testosterone
in hypogonadal men with CD led to improvement
from the symptoms associated with the disease. In
the same year, Nasser conducted a long-term study
on the effect of administration of testosterone un-
decanoate (a hormone used for the treatment of
male hypogonadism) in CD patients while receiv-
ing appropriate treatment (Nasser et al, 2015).
The results revealed that on receiving testosterone
treatment, the Crohn's Disease Activity Index de-
clined from 239.36+36.96 to 71.67+3.26 at 84
months (p<0.0001 vs baseline) while not hinge in
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CDAI was reported in men not receiving the hor-
monal dose. The data suggested that normalizing
serum testosterone levels could help relieve the
symptoms of hypogonadal men in CD patients.

The administration of growth hormones for treat-
ment of intestinal disorder was brought to light by
researchers such as Byrne and co-workers in 1995
(Byrne et al, 1995) that showed that the intestinal
protein absorption for disorders such as short
bowel syndrome could be enhanced by the admin-
istration of growth hormones like glutamine in
combination with amino acid glutamine and
proper diet. Slomin and co-workers took this con-
cept a step further and evaluated the efficacy of so-
matropin; a growth hormone involved in the
growth of bones and muscles (Slonim et al.,, 2000).
The study revealed that the CDAI value for hor-
mone-treated group decreased by a mean of
143+144 points while in the placebo group a de-
crease in only 19463 points was observed. The
benefits of GH treatments were further analyzed in
a randomized controlled trial in which 20 pediatric
CDtreated with corticosteroids were divided into
two groups where one group was treated with
0.075 mg/kg/day Nutropin AQ (somatropin hor-
mone) (Denson et al, 2010). The report found that
group treated with GH lead to an improvement in
clinical remission as compared to placebo group
but no statistical improvement in mucosal inflam-
mation between both groups. The use of hormones
offers a safe alternative for the treatment of CD
though further studies need to to be carried out for
validation.

Antibiotic treatments

The increasing evidence of the role of gut bacteria
in CD has shifted the method of treatments from
anti-inflammatory drugs to the use of antibiotics.
Antibiotics are usually prescribed in mild to mod-
erate CD cases and aim to reduce the symptoms as-
sociated with the disease. They work by either re-
ducing the bacterial load in the intestine or by sup-
pressing the immune system of the body. Ap-
proved antibiotics which are generally prescribed
are rifampicin, ampicillin, sulfonamide, tetracy-
cline while the most common are metronidazole
and ciprofloxacin.

Su and colleagues performed a meta-analysis to
evaluate the efficacy of antibiotics for the treat-
ment of CD (Su et al, 2015 ). Of the 15 randomized
placebo-controlled clinical trials evaluated, antibi-
otics benefited CD patients to a certain extent. The
findings revealed that ciprofloxacin exhibited sig-
nificant clinical benefits in patients with perianal
fistulas with 95% CI 1.16-2.32. However, showed
no statistical significance between CD patients
treated with ciprofloxacin and placebo.
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Adherent-Invasive E. Coli (AIEC)
A novel pathotype of adherent-invasive

E. coli (AIEC) has been isolated in higher frequency
from the ileal mucosa of patients with CD relative
to healthy individuals. The ileal mucosa of CD pa-
tients is abnormally colonized by AIEC that can ad-
here to and invade intestinal epithelial cells. In a
study, 100 colonies of E.coli were isolated from 20
patients with CD. Mucosa-associated E.coli rich-
ness and diversity were found across both controls
and CD patients, however, a higher percentage of
E.coli was found in CD cases with a higher preva-
lence of AIEC (CD = 51.9%; C = 16.7%). These data
reinforce the idea AIEC plays a crucial role in the
CD. Colicin-like bacteriocins are highly potent mul-
tidomain protein antibiotics that are often capable
of Kkilling susceptible cells at subnanomolar (nM)
concentrations.

AIEC forms biofilms in the intestine and can invade
host cells and stimulate the production of proin-
flammatory cytokines. Due to the lack of effective
antibiotics for CD treatment, Brown and co-work-
ers (2015) studied the use of species-specific anti-
biotics (colicins) for treatment of CD (Brown et al,
2015). Colicins displayed strong activity against
AIEC bacteria growing as biofilms and also killed
cell-associated and intracellular AIEC. The results
showed the perspective of colicins as a highly se-
lective probiotic therapy for the eradication of
E.coli from the gastrointestinal tract of patients
with CD.

Mycobacterium avium sub species paratubercu-
losis (MAP)

The acid-fast gram-positive bacterium is the etio-
logical agent for Johne’s disease, an incurable wast-
ing disease prevalent among domestic livestock.
The disease is endemic worldwide and causes huge
economic loss to the livestock industry. Recently
research has highlighted the zoonotic potential of
MAP infection and its association with Crohn’s dis-
ease. Numerous studies have been carried out to
understand the link between the two further. Stud-
ies have isolated MAP from tissues and have cul-
tured the bacterium from bloodstreams of CD pa-
tients. It has been reported that MAP can be cul-
tured from the peripheral mononuclear cells from
50-100% of patients with Crohn’s disease and
rarely from healthy individuals. The link suggests
MAP can either be the cause or an opportunistic
pathogen in humans. The polymorphism of Nucle-
otide binding and Oligomerization Domain 2
(NODZ2) is a genetic predisposition involved in CD
as well as mycobacterial infections factor (Naba-
tov., 2015). Nabokov noted that the lack of NOD 2
gene in contributing to CD cases in East Asian pop-
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ulation suggestive a secondary involvement in dis-
ease development but insist on its significance in
the aetiology of CD cases.

However, there are also notable similarities be-
tween the symptoms associated with both the dis-
eases in animals and humans. In 2015, Blanche and
co-workers aimed to improve the diagnostics of CD
through the application of multiple laboratory
tests for the detection MAP (Banche et al, 2015).
Samples (terminal ileum and colon biopsies, blood
and stool) of 19 CD patients and 11 healthy indi-
viduals (controls) were subjected to staining, cul-
ture and 1S900 PCR and the frequency of MAP was
significantly higher in CD than in CD patients and
thus suggested MAP has the possibility to be used
as a marker for CD.

Many studies over the years have linked the imbal-
ance in gut microbes with CD. A study in 2004re-
vealed that persons suffering from IBD were more
likely to receive antibiotic treatments before IBD
diagnosis than healthy individuals suggesting a
connection between the two categories rather than
a cause (Card et al, 2004). The association of gut
microbes and CD was further revealed in a study
by Bernstein (Bernstein, 2013). An individual’'s gut
flora develops during the 1st year as a child and
then remains relatively the same. Any infection
during the 1st year could affect the gut microbes
and cause permanent change. A review was con-
ducted based on all persons in Manitoba, Canada
with a documented diagnosis of CD and ulcerative
colitis from 1984 to 2008. Of the 36 subjects, chil-
dren who were diagnosed with IBD were three
times more likely than those without IBD to have
had taken antibiotic treatments during the 1styear
of life. Using shotgun metagenomic sequencing
Lewis and colleagues analyzed faecal samples of
potential pediatric CD patients and studied the en-
tire microbial community during treatment. The
study revealed similar results wherein antibiotic
exposure was directly associated with increased
dysbiosis (abnormal composition of intestinal bac-
teria) (Lewis et al, 2015). Fungal proportion also
increased with the use of antibiotics and on the se-
verity of the disease. A study by Xavier et al. (2016)
showed an imbalance in microbial flora in the in-
testine of patients suffering from CD wherein some
microbes were found in lesser amount while other
harmful microbes flourished. Ungaro and col-
league performed a meta-analysis studying the an-
tibiotic exposure as a risk factor for developing IBD
(Unagaro et al, 2015). 11 observational studies (8
case-control and 3 cohorts) and 7,208 patients di-
agnosed with IBD were analyzed and statistical
analyses revealed that antibiotic exposure was sig-
nificantly associated with CD though not signifi-
cantly associated with UC. All antibiotics in the
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study (Metronidazole, fluoroquinolones, broad-
spectrum, penicillins, tetracyclines, cephalospor-
ins, macrolides, sulphonamides, and penicillin)
had a certain level of association with the new on-
set CD through the highest level was found in met-
ronidazole and fluoroquinolones. The study is
quite startling because antibiotics like metronida-
zole are used for the treatment of CD and change
the focus in which treatments are considered.

TGF therapy

Crohn’s disease can also be attributed to the de-
fects in the transforming growth factor (TGF)-f1
signalling pathways that are cytokine immunosup-
pressive secreted proteins that are involved in
many cellular functions in the body. TGF 1- is pro-
duced in the human gastrointestinal tract of
healthy individuals in a large amount and plays a
decisive role in negatively controlling inflamma-
tory pathways. Research has shown that phos-
phorylated smad3 is highly expressed in LPMC
(Lamina propria mononuclear cells) isolated from
healthy colon and responded to exogenous TGF-B1
with the inhibition of inflammatory cytokines.
However, the upregulation of smad7 blocks phos-
phorylation of Smad 3 and invariantly inhibits
TGF-B1 signalling. Hence, it is assumed that block-
ing smad7 will result in the TGF-f1-induced
Smad2/3 activation and negatively control inflam-
mation. The notion was confirmed in a study where
Knockdown of Smad7 with a specific antisense oli-
gonucleotide restoresdTGF-B1/Smad3 signalling,
thus resulting in a marked suppression of inflam-
matory cytokine production (Izzo et al, 2018). In
2006 Boirivant and coworkers studied the effect of
oral smad7 on mucosal inflammation in the colitic
tissues of mice. The data suggested that defective
TGF B1 signalling was due to the high levels if
smad7 and on downregulation of the secretory
protein the TGF (1 levels were restored (Boirivant
etal, 2006).

Recently, a formulation of Mongers on (ED)is un-
der clinical trials for the cure of CD with promising
results. Mongerson formulation consists of a 21-
base single-strand phosphorothioate oligonucleo-
tide that will hybridize to the human SMAD7 mes-
senger RNA (mRNA) which then facilitates RNase
H-mediated RNA degradation through a standard
antisense mechanism (Ardizzone et al, 2016). In
the phase 1 study of 15 patients with CD, a de-
crease of more 70 points in the CD Activity Index
score was observed in patients who were adminis-
tered with the drug. In phase 1], clinical trial the ef-
ficacy of the drug was evaluated and the study re-
vealed that the participants with CD who received
mongererson had higher remission rate than con-
trol groups (Monteleone et al, 2015). Currently,
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the researchers are evaluating the colonoscopic re-
sults of the patients who were administered with
the drug and Celgene, the company sponsoring the
project is under process for hiring 2,000 CD pa-
tients for the final phase III trials. As a pill, the drug
has a potential to become the preferred therapy
over other available injected drugs (Humira
or Remicade)

Hematopoietic Stem Cell

(HSCT)

Transplantation

During the 1990's, reports have shown that pa-
tients suffering from IBD have a statistically higher
chance of developing. As a result, it was observed
that a higher number of IBD patients would require
to undergo bone marrow transplantation. In 1993,
Darko's and co-workers reported of a 41-year-old
female patient who had Crohn's disease, had to un-
der autologous BMT as she was also suffering from
non-Hodgkin's lymphoma (NHL) (Darkos et al,
1993) intermediate grade. It was observed that 18
days post-BMT; the patient attained complete re-
mission for CD, was healthy, and in 6-month follow
up period required no treatment for the CD. Over
the years, several animal models have revealed
that Hematopoietic Stem Cell transplantation
(HSCT) is very useful for the treatment of autoim-
mune disorders. In this regard, many cases have
been reported of successful remission induced in
patients with (therapy refractory) Crohn's disease
using an autologous HSCT.

A recent case report highlights the significance of
HSCT treatment. Ruiz and co-workers in 2015 re-
ported a case of a 28-year-old woman with refrac-
tory CD (Ruiz et al, 2015). The patient was sub-
jected to autologous hematopoietic stem cell trans-
plantation (HSCT) and all the symptoms associated
with the disease such as diarrhoea and abdominal
and joint pain disappeared during the conditioning
regimen or immediately after HSCT procedure. The
patient was mobilized with cyclophosphamide (60
mg/kg) and granulocyte colony stimulating factor
(10 mg/kg) for seven days with 4.59 x 106 CD34+
cells/kg being collected from peripheral blood in
two  leukapheresis  sessions (Hemonetics
MSC+USA). The patient attained clinical remission
until the end of the report i.e. one year after the
treatment.

Oyama and co-workers performed extensive re-
search on HSCT for the treatment of CD based on
the concept that maximum immune ablation by au-
tologous hematopoietic stem cell transplantation
(HSCT) could induce remission in patients (Oyama
et al, 2005). In the phase 1 study, 12 patients with
refractory CD were chosen, who were initially
treated with infliximab and failed to respond to the
treatment. In this study, peripheral blood stem
cells were mobilized with cyclophosphamide
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use of HSCT for patients with refractory CD and due to
a large number of complication that could arise the
proce- dures should only be performed in highly

(medication used to decrease the immune system
response) and granulocyte colony-stimulating fac-
tor and CD34 + enriched. 11 of the 12 patients at-

tained remission and after a follow up of 18.5
months, only one patient had a recurrence of the
CD.In 2010 the group went further to study the ef-
ficacy of high-dose cyclophosphamide, antithymo-
cyte globulin (ATG), and autologous CD34+ cell-en-
riched HSC in chronic active CD patients that did
not get a response to anti-TNF therapy (Burt et al,
2010). The results revealed that the patients
achieved treatment-free remissions for as long as
5 years. Hommes and co-workers studied the long-
term effect of autologous hematopoietic stem cell
transplantation for the severe refractory CD
(Hommes et al, 2011). All the 3 patients in the
study achieved remission under treatment and
concluded that autologous HSCT appeared to be a
safe and alternative strategy for CD treatments but
cautioned that due to the high mortality rate of
HSCT patients, the treatment must only be consid-
ered when all other options fail. The long-term ef-
fect was also evaluated by Snowden and co-work-
ers (Snowden et al, 2014). Following stem cell mo-
bilization, patients were treated with high-dose cy-
clophosphamide (200 mg/kg) and rabbit anti-thy-
mocyte globulin (7.5 mg/kg) followed by ASCT.
Clinical remission was achieved at 3 months for
five or six patients and the authors concluded that
ASCT was a feasible and safe treatment for the
long-term control of severe CD and additional it
was noted that the tradesmen resensitized the dis-
ease to medical therapy lowering the probability of
surgery.

The feasibility and toxicity of autologous HSCT
were evaluated by Jauregui-Amezaga and co-work-
ers (Jauregui-Amezaga et al, 2015). 26 patients
were involved in the study and the toxicity and
complication that arose due to the treatment were
evaluated. During mobilization and conditioning
patients suffered from infectious complication
ranging from neutropenia, bacteraemia, septic
shocks and non-infectious complication like anti-
thymocyte globulin reaction, mucositis and haem-
orrhagic complications. Viral infection was the pre-
dominant concern during the first twelve months
of treatment and one patient had died due to sys-
temic cytomegalovirus infection. Highlighting the
disadvantages associated with HSCT, Hawkey and
co-workers evaluated the effect of autologous
HSCT on refractory Crohn disease and compared
using standard CD treatment (Hawkey et al, 2015).
The authors concluded that there were 76
adverse events occurred in patients undergoing
HSCT while 38 such events occurred in control. All
these findings point to the fact that though
Autologous HSCT for patients with refractory CD is
feasible, the reports do not support the widespread
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experi- enced centres.

A promising therapeutic approach is(C-Chemokine
receptor type 9) CCR9 antagonism. Expressed on
the cell surface of memory/effector CD4(+) T cells
these selectively binds to the small intestinal lym-
phocyte chemoattractant CCL25. Blockade of the
CCR9/CCL25 interaction inhibits lymphocyte hom-
ing to the intestinal mucosa, limiting the inflamma-
tion and disease at this site. Vercirnon, a selective
CCR9 antagonist drug is currently under develop-
ment. In 2013, Arseneau and co-workers gave an
expert opinion suggesting that if the results of on-
going large-scale clinical trials of vercirnon are in
line with preliminary reports, CCR9 antagonism
may have comparable efficacy to anti-TNF thera-
pies and a potentially superior safety profile, mak-
ing it the latest addition to the growing arsenal of
immunomodulatory drug therapies available to
combat Crohn's disease. Moreover, its economic
benefit since vercirnon is an oral drug, and its as-
sociated costs will likely be much lower than ex-
pensive infusion-based anti-TNF therapies,
providing further economic benefits. Feagan and
co-workers in 2015 were not able to demonstrate
the efficacy of vercirnon as induction therapy in
patients with moderately-to-severely active CD
(Feagan et al,, 2015).

Complement and Alternative Medicine (CAM)

Most of the available maintenance therapy focus
on lowering the immune system, a potential hazard
to patients as this could make people susceptible to
other infections. As the disease lacks an absolute
cure and the patients usually have to deal with the
conditions throughout their life, the use alternative
medicines; natural products derived from plants
and animals are slowly gaining popularity among
CD patients. A brief outline is mentioned below.

Fish Oil

Omega-3 polyunsaturated fatty acids (n-3) mainly
found in fish oil has been suggested as an alterna-
tive therapy for the CD. Though conflicting results
in different trails have been noted, more studies
need to be carried out to confirm either case. The
anti-inflammatory properties associated with fish
oil has lead to the suggestion in the early 1900's as
an alternative treatment for the CD.

Earlier studies such as Belluzzi and co-workers in
1996 highlights the therapeutic benefits of admin-
istration of n-3 to CD patients. 59 % of the fish oil
group were in remission after one-year in compar-
ison to 26% in placebo. A novel capsule was used
in the study that prevented the breakdown by gas-
tric acidity for 30 minutes so that the fish oil can be

© International Journal of Research in Pharmaceutical Sciences



Jagdip Singh Sohal et al, Int. ]. Res. Pharm. Sci., 9(3), 886-899

released into the small intestine. Other studies
supported these results as well that showed the
beneficial aspect of n-3 for CD patients (Tsujikawa
et al, 2000). However, unlike in animal models,
which were more consistent, many human trials
have shown conflicting results. For, e.g., in 1996
clinical trial conducted by Lorenz and co-workers
concluded that n-3 did not prolong the remission
in CD patients. Epanova Program in Crohn’s Study
1[EPIC trials], a multicentre study conducted be-
tween 2003 and 2007, is highly regarded as an ad-
equate and well-designed study, failed to establish
any positive effect that arouses from the admin-
istration of n-3. Nonetheless, as suggested by Tsu-
jikawa in 2000, the low percentage of CD patients
in Japan it could be due to the diet rich in fish and
the increase in CD patients de to shift in diet hence
further work still needs to be done as the trials dif-
fer in different aspects, from concentration of n-3
to the type of capsules used.

Herb Based treatments

Tripterygium wilfordii vine, traditionally used in
Chinese medicine for treatment of wide range of ill-
ness have indicated for its therapeutic characteris-
tics against CD. Ren and co-workers evaluated the
efficacy of T2, the main component of the extracts
of the plants in 2007 for the treatment of CD (Ren
et al, 2007). CDAI scores rapidly improved with
the decrease in the serum levels of CRP, TNFa, and
IL-1beta. The same group in 2013 evaluated the ef-
fectiveness polyglycosides of Tripterygium wil-
fordii (GTW) and compared it with mesalazine (5-
ASA) in preventing postoperative clinical and en-
doscopic recurrence of Crohn's disease (Ren et al,
2013)). The findings supported their claims and
additionally stated that the vine extract seemed to
be superior to 5-ASA treatment regimen. In 2015
the herb was further compared against azathio-
prine and report suggests that the TWHF was com-
parable to azathioprine for preventing postopera-
tive clinical recurrence Zhu et al,, 2014.

Cannabis is a herb commonly known for its recre-
ational use and is known to be beneficial to pa-
tients with IBD. The first controlled trial was per-
formed by Naftali and co-workers, where patients
were given cannabis in the form of cigarettes con-
taining 115 mg of A9-tetrahydrocannabinol (THC)
two times on a daily basis (Naftali et al,, 2013). 5 of
the 11 patients achieved complete remission (CDAI
score, <150) in comparison to 1 in 10 of the pla-
cebo group. Though more needs to be done, the
study suggests an alternative mechanism for the
treatment of CD. It has been reported that cannabis
use.

Native to India and Pakistan Boswellia serrata is
commonly used in the production of Indian frank-
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incense. Studies have revealed that the pure com-
pound isolated from the plant have anti-inflamma-
tory properties by down-regulating TNFq, IL-1f3,
and NO (Gayathri et al, 2007).In 2001, the efficacy
of Boswellia serrata extract H15 was compared
with mesalazine for the treatment of active CD. The
authors concluded that taking into consideration
benefit-risk evaluation, the extract was superior to
mesalazine treatment but lacks in statistical signif-
icance in a change in CDAI score after administra-
tion of the drugs. (drop in 90 points for extract
group and 53 points in mesalazine group) (Gastro-
enterol et al, 2013). The most recent work was
performed by Holtmeier, who tried to evaluate the
efficacy of the extract in maintaining remission
(Holtmeier et al, 2011). Like the previous work,
the extract was well tolerated among CD patients
but failed to prove any advantage in comparison
with the placebo group.

Pistacia lentiscus var. Chia (Anacardiaceae) also
known as Chios Mastic Mastiha, is an evergreen
shrub widely used in culinary purposes. Its antiox-
idant, anticancer and antibacterial properties, the
extract is widely known to treat a wide range of ill-
ness. In 2007, Kaliora and co-workers conducted a
pilot study where the effectiveness of mastic ex-
tract was evaluated for the treatment of CD (Kali-
oraet al, 2007). Ten CD patients were treated with
mastic caps (6 caps/d, 0.37 g/cap) for 4 weeks and
patients exhibited a significant reduction of CDAI
(222.9 £ 18.7 vs 136.3 + 12.3) values compared to
pretreatment values. No recent work has been car-
ried out for evaluating the efficacy of the extract
and by conducting more extensive studies.

Artemisia absinthium also has known as common
wormwood has been reported to suppress tumour
necrosis factor alpha (TNF-a) and other interleu-
kins in in-vitro studies. A clinical trial in 2007
noted complete remission in 65% of the patients
after 8 weeks of treatment with a herbal blend con-
taining wormwood herb (3x500 mg/day) along
with steroids. The amount of steroids was gradu-
ally reduced and by week 10, no steroids were ad-
ministered. The study also highlighted that the
herb has a steroid-sparing effect. Further evalua-
tion was conducted in 2010 where 10 CD patients
were administered with 3x750 mg dried pow-
dered wormwood for 6 weeks along with the
standard medications along with 10 patients who
did not receive the herb was taken as control. The
serum TNF a level was 8.0+2.5 pg/ml after six
weeks for the herbal group in comparison to
21.1+3.2 (week 6) for the control group. THE CDAI
scores were declined from 275%15 to below
175212 in the herbal group with remission at-
tained in 8 patients compared to only two in the
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placebo group, which attained remission. How-
ever, promising, more extensive studies must be
carried out to confirm its efficacy.

Conclusion:

This Study Givens, the High global incidence of CD
disease, has been reported in India and its ad-
vances in modern-day research.
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